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ABSTRACT
◥

Intrauterine progestin is a treatment option for women
with atypical hyperplasia or low-risk endometrial cancer
who wish to preserve their fertility, or whose poor surgical
fitness precludes safe hysterectomy. We hypothesized that
in such women with obesity, weight loss during progestin
treatment may improve oncological outcomes. We con-
ducted a prospective nonrandomized study of women with
obesity and atypical hyperplasia or low-grade stage 1a
endometrial cancer undergoing progestin treatment. Wom-
en with a body mass index (BMI) ≥ 35 kg/m2 were offered
bariatric surgery; thosewhodeclined and thosewith a BMIof
30 to 34.9 kg/m2 were encouraged to lose weight by low-
calorie diet. We assessed uptake of bariatric surgery; weight
lost during progestin treatment; and the impact ofmore than
10% total body weight loss on progestin treatment response
at 12 months. 71 women [median age 58 years (interquartile
range; IQR 35–65); mean BMI 48 kg/m2 (SD 9.3)] completed
the study. Twenty-three women (32%) had bariatric surgery,
on average 5 months (IQR 3–8) after progestin treatment
commenced.Weight change during progestin treatment was

�33.4 kg [95% confidence interval (CI) �42.1, �24.7] and
�4.6 kg (95% CI �7.8, �1.4) in women receiving bariatric
surgery and low-calorie diet, respectively (P < 0.001). Forty-
three women (61%) responded to progestin, while 23 (32%)
showed stabilized and 5 (7%) progressive disease. Response
at 12 months was not predicted by age or baseline BMI, but
women who lost more than 10% of their total body weight
were more likely to respond to progestin than those who did
not (adjusted odds ratio 3.95; 95% CI 1.3, 12.5; P ¼ 0.02).
Thus weight loss may improve oncological outcomes in
women with obesity-associated endometrial neoplastic
abnormalities treated with progestin.

Prevention Relevance: This study found that weight loss
improves response rates in women with obesity and atypical
hyperplasia or low-risk endometrial cancer undergoing con-
servativemanagementwith intrauterine progestin.Given the
additional benefits of weight loss for fertility, cardiovascular
health and quality of life, future research should focus on
how best to accomplish it.

Introduction
Obesity is the major risk factor for type I endometrial cancer

and its precursor lesion, atypical hyperplasia (1). It has
been estimated that every 5 kg/m2 increase in body mass
index (BMI) confers a 60% higher lifetime risk of endometrial
cancer (2), such that women with a BMI > 40 kg/m2 are
seven times more likely to develop endometrial cancer than

normal-weight women (3). With escalating obesity rates driv-
ing an epidemic of endometrial cancer in high-income coun-
tries (4), effective nonsurgical treatments are urgently needed
for women who wish to preserve their fertility as well as those
whose obesity and associated medical comorbidities make
hysterectomy a hazardous procedure (5). The mechanisms
underpinning obesity-driven endometrial carcinogenesis
are incompletely understood, but include alterations to the
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hormonal, metabolic, and immunologic microenvironment of
the endometrium that predispose it to inappropriate growth
and persistence (6). High-dose oral or intrauterine progestin is
the recommended treatment for women with endometrial
neoplastic abnormalities wishing to avoid hysterectomy (7).
It halts growth, reverses neoplastic change, and restores endo-
metrial health in some women with low-grade early-stage
endometrial cancer and atypical hyperplasia (8); however
treatment is slow, response is unpredictable, and recurrence
is common (9).
Bariatric surgery–induced weight loss is known to offer

sustained risk reduction from obesity-driven endometrial can-
cer from both retrospective and prospective studies (10, 11). At
the tissue level, bariatric surgery is rapidly followed by down-
regulation of proproliferative signaling pathways, reduced
endometrial growth, and spontaneous clearance of both latent
and precursor endometrial neoplastic lesions (12). Taken
together, these findings provide a strong biological rationale
for bariatric surgery–inducedweight loss as ameans of improv-
ing response rates in women with endometrial neoplastic
abnormalities undergoing progestin treatment, however this
strategy remains untested. There may be additional benefits to
weight loss in this setting, including improved natural fecun-
dity and successful assisted reproduction should progestin
therapy be effective; reduced surgical morbidity and lower
rates of conversion to open hysterectomy if not; reduced risk
of recurrent disease following cessation of treatment; as well as
established benefits for metabolic and cardiovascular health in
women known to be at significant risk of cardiovascular
events (13).
The aim of this study was to determine the effectiveness of

weight-loss interventions offered to women undergoing pro-
gestin treatment for obesity-associated atypical hyperplasia
and low-grade early-stage endometrial cancer. We hypothe-
sized that bariatric surgerywould be an acceptable, feasible, and
effective weight-loss intervention when offered during the
progestin treatment window. We further hypothesized that
women who lost more than 10% of their total body weight by
bariatric surgery or low-calorie diet would be more likely to
respond to progestin than those who did not.

Materials and Methods
Study approvals
The MIrena for the Reduction of Endometrial Neoplastic

Abnormalities (MIRENA) study is a prospective observa-
tional study conducted at St Mary’s Hospital, Manchester
University NHS Foundation Trust (MFT), a large gyneco-
logic cancer center in the North-West of England, with the
aim of identifying predictive biomarkers of progestin treat-
ment response in women with atypical hyperplasia and low-
grade early-stage endometrial cancer. All women gave writ-
ten, informed consent to participate in the study. It was
sponsored by MFT and approved by the North West
Research Ethics Committee (14/NW/0056). The study was

prospectively registered on the UK (ISRCTN 31662931)
clinical trial database and is conducted in accordance with
Good Clinical Practice guidelines.

Participant selection
Women who wished to undergo fertility-sparing treatment

or who were considered at high surgical or anesthetic risk for
standard surgical management of their endometrial neoplastic
abnormality were invited to participate in the MIRENA study.
Eligible womenwere aged 18 years or older with biopsy-proven
atypical hyperplasia or grade 1 or 2 endometrioid adenocar-
cinoma with less than 50% myometrial invasion on MRI
[Federation Internationale des Gynaecologistes et Obstetristes
(FIGO) 2009 stage 1a endometrial cancer]. Women were
excluded from the study if central pathology review showed
high-grade or nonendometrioid histology; central radiology
review showed ≥50% myometrial invasion, extra-uterine dis-
ease, or adnexal masses suspicious for malignancy; or if, after
informed discussion with specialists in the cancer fertility clinic
and/or high-risk anesthetic clinic, women chose to undergo
standard surgical management or primary radiotherapy
instead.

Study procedures
At baseline, women were screened for eligibility. Height was

measured using a stadiometer; weight using electronic scales
after removal of bulky clothing, and BMI determined (kg/m2).
Baseline blood tests included fasting glucose, cholesterol, gly-
cosylated hemoglobin A1c (HbA1c), and C-reactive protein
(CRP). All analytes were measured using standard automated
clinical service protocols in the MFT Clinical Biochemistry
Laboratory. Clinically abnormal results were managed as per
hospital policy.
Formalin fixed, paraffin embedded (FFPE) blocks of the

index biopsy were obtained from the referring hospital for
pathology review by at least two specialist gynecologic pathol-
ogists, according to the World Health Organization (WHO)
classification system (14, 15). Baseline MRI scans were per-
formed for all participants unless contraindicated, and the
digitalized images were reviewed by specialist gynecologic
radiologists at the Gynecological Oncology Multidisciplinary
Team meeting. Where an MRI scan was contraindicated, a CT
scan confirmed no extrauterine disease. All women requesting
fertility-sparing management were seen in St Mary’s
specialist cancer fertility clinic to discuss pregnancy expecta-
tions, challenges, and opportunities. Those women who were
deemed unsuitable for hysterectomy on account of their
poor surgical fitness were reviewed in St Mary’s high-risk
anesthetic clinic for preoperative assessment, investigations,
and optimization.
All women underwent baseline endometrial biopsy to con-

firm diagnosis prior to commencing progestin treatment. This
reduced the potential for misclassification of disease status
secondary to sampling issues and challenges of pathologic
interpretation. Biopsies were reviewed by at least two
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specialist gynecologic pathologists (14, 15). Where possible,
biopsies were taken in the outpatient department using a
Pipelle� (Carefusion, UK) sampling device immediately prior
to insertion of the levonorgestrel-releasing intrauterine system
(LNG-IUS, 52 mg intrauterine progestin, Mirena). The
Pipelle� is rotated through 360 degrees whilst sampling the
full length of the endometrial cavity to obtain a representative
sample. Where outpatient sampling was not possible or poorly
tolerated, sampling was performed under general anesthetic.
Women were advised to have their IUS threads checked at
1 month to ensure correct intrauterine placement. Women
experiencing pelvic pain, heavy bleeding, or lost threads in the
weeks immediately following LNG-IUS insertion were assessed
by transvaginal ultrasound scan. A misplaced or lost IUS was
replaced once. In the event of further IUSdisplacement, women
were instead treated with 200-mg medroxyprogesterone ace-
tate twice daily.
Women were seen in gynecology clinic at 3 months,

6 months, 9 months, and 12 months following placement of
the intrauterine progestin device. At every visit, an endometrial
sample was taken to exclude progressive disease. An MRI scan
was performed at 3 and/or 6 months to check for interval
change in women with endometrial cancer at baseline, and in
all women at 12 months, to assess disease response, wherever
possible. Women with progressive disease were withdrawn
from the study at the earliest indication and underwent hys-
terectomy or radiotherapy. The remaining participants had
their intrauterine progestin device removed at 12 months for a
6-week ‘wash out’ period. A further endometrial sample was
taken 6 weeks later and the intrauterine progestin device
replaced. This was done in the outpatient clinic for women
with atypical hyperplasia at baseline and a reassuring 9- and
12-month biopsy. For all other women, hysteroscopy, dilata-
tion and curettage, and replacement of the intrauterine pro-
gestin device was carried out under general or spinal anesthetic,
where possible.

Progestin treatment response
Progestin treatment response was defined as complete if

both end-of-treatment biopsies (at 12 months and following
the 6-week ‘wash out’ period) showed no hyperplasia or
neoplasia and the 12-monthMRI scan�hysteroscopic appear-
ance of the uterine cavity was normal (no endometrial mass
lesions, endometrium thin and regular, and no myometrial
invasion). Partial response was defined as substantial improve-
ment in endometrial morphology (e.g., posttreatment low-
volume abnormality with minimal/mild cytological atypia) on
posttreatment biopsies and a normal hysteroscopy/MRI scan.
Stable disease was defined as posttreatment biopsies and
scan showing similar appearances to those at baseline. Pro-
gressive disease was defined as worsening endometrial mor-
phology (e.g., from atypical hyperplasia to definite grade 1
endometrioid adenocarcinoma, or from grade 1 to grade 2
disease) or scan appearances (e.g., larger endometrial lesion,
new or deeper myometrial invasion). Responders showed

complete or partial responses; nonresponders had stable or
progressive disease.

Weight loss interventions
Women with a BMI ≥35 kg/m2 were offered referral to the

Specialized and Complex Obesity Service at Salford Royal
FoundationNHS Trust for consideration of expedited bariatric
surgery (laparoscopic gastric bypass or sleeve gastrectomy).
Those who declined, those in whom bariatric surgery was
contraindicated, and those with a BMI of 30 to 34.9 kg/m2

were encouraged to lose weight through a low-calorie diet of
their choosing (for example, by joining a local slimming club or
community weight management program). Women were
advised that losing weight not only has proven benefits for
their long-term health, mobility, quality of life, and fertility, as
appropriate, but may also improve their progestin treatment
response.Womenwere encouraged to take control of their own
weight by setting themselves ambitious but achievable weight-
loss targets (initially 1 kg/week). The 12-month target was
≥10% total body weight lost and/or an end of treatment BMI of
less than 30 kg/m2 (16–18). Women were weighed at every
clinic visit, weight loss goals revisited, and new targets set.
Women referred for bariatric surgery underwent laparoscopic
gastric bypass or sleeve gastrectomy depending on clinical
factors and personal preference. Bariatric surgery was expe-
dited to enable rapid-onset weight loss during the intrauterine
progestin window, where possible.

End-of-study management and follow-up procedures
Women with histologic and/or radiological evidence of

progressive disease were offered total laparoscopic hyster-
ectomy � bilateral salpingo-oophorectomy, depending on
their age and diagnosis. Women with stable disease were
offered hysterectomy wherever possible. Young women who
had shown complete responses to intrauterine progestin were
offered assisted reproduction if there was a history of primary
infertility, or encouraged to keep their intrauterine progestin
device in situ until they were ready to conceive. All other
women were offered hysterectomy at the end of the study, if
feasible. Women who did not undergo hysterectomy were
encouraged to keep their intrauterine progestin device in situ
indefinitely with 3 to 6–monthly then annual symptom apprai-
sal, biopsies, and/or transvaginal ultrasound, to 5 years.

Statistical analyses
This is an interim, posthoc analysis of women who were

recruited to the MIRENA study between June 2014 and July
2019. The main outcomes were (i) uptake of bariatric surgery;
(ii) weight lost during progestin treatment; and (iii) the impact
ofmore than 10% total bodyweight loss on progestin treatment
response at 12 months. All participants were included in the
primary analysis of progestin response and uptake of bariatric
surgery.Weight loss at 12months and the impact of weight loss
on progestin treatment response excluded those who pro-
gressed. Continuous data were normally distributed according
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to the Shapiro–Wilk test, with P > 0.05 indicating normality.
Descriptive statistics are reported as means with ranges for
parametric data, medians with interquartile ranges (IQR)
for nonparametric data, and counts alongside percentages
for categorical data. Differences between two continuous
groups were tested using independent samples t test, paired
t test, or Mann–Whitney U test as appropriate. Differences
between 2 categorical groups were assessed using x2 test. To
test the strength of association between variables and pro-
gestin treatment response at 12 months, univariable and
multivariable logistic regression analyses were performed.

Univariable and multivariable analyses are reported as OR
with 95% confidence intervals (95% CI). In the multivariable
analysis we adjusted for factors that were significantly asso-
ciated with progestin treatment response (histology and %
change in total body weight) in the univariable analysis, as
well as clinical factors known to be associated with clinical
outcomes in endometrial cancer (age and type 2 diabetes
mellitus status). A p value of ≤0.05 was considered as
statistically significant. All data analyses were performed
using STATA (StataCorp. 2015. Stata Statistical Software:
Release 14, StataCorp LLC).

Figure 1.

Study flow chart.
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Results
In total, 119 women were screened for the MIRENA study

(Fig. 1). Of these, 48 (40%) women were withdrawn because
they had a BMI <30 kg/m2 (14), were upstaged (12), down-
staged (3), declined intrauterine progestin (4), could not
comply with study procedures (1), did not complete treat-
ment (9), or had not completed 12-month follow up at study
censor (5), leaving 71 women eligible for analysis. Their
median age, mean weight, and mean BMI was 58 years (IQR
35–65), 126 kg (SD 23.8), and 48 kg/m2 (SD 9.3), respectively
(Table 1). All women received a LNG-IUS at baseline, 65
(92%) of these were successfully inserted in the outpatient
clinic. One woman was treated with oral medroxyprogester-
one acetate after her LNG-IUS fell out twice. Bleeding, pain,
and LNG-IUS expulsion affected 25 (35%), 5 (7%), and 1
(1%) women respectively; most bleeding settled by 3 (11;
44%) or 6 months (21; 84%) postinsertion, consistent with
previous studies (19).
In total, 64 of 71 women had a BMI > 35 kg/m2

and were offered bariatric surgery, of whom 23 (36%)
underwent gastric bypass (12/23; 52%) or sleeve gastrectomy

(11/23; 48%) on average 5 months (IQR 3–8) after progestin
treatment commenced. One woman was referred but was
declined bariatric surgery due to poor anesthetic fitness. One
woman had an intraoperative cancellation due to suspicious
liver lesions and was rescheduled when her biopsy identified
sarcoidosis, not metastatic cancer. There were no intrao-
perative complications, conversion to open surgery, or
returns to theatre. Five women received hysterectomy or
primary radiotherapy prior to 12 months due to progression
of their endometrial abnormality. For the remaining 66
women, weight change during the 12-month progestin treat-
ment window was �33.4 kg (95% CI �42.1, �24.7) and
�4.6 kg (95% CI �7.8, �1.4) following bariatric surgery and
low-calorie diet, respectively (P < 0.001). Nineteen of 22
(86%) women who received bariatric surgery lost more than
10% of their total body weight by 12 months, while this was
true for only 10 of 44 (23%) women who tried to lose weight
by low-calorie diet (P < 0.001; Table 2). The 10 women who
lost more than 10% of their total body weight by low-calorie
diet lost an average 18.8 kg (95% CI �23.9, �13.7 kg weight
change) whilst the remaining 34 lost an average 0.4 kg (95%
CI �2.9, 2.0 kg weight change) during the 12-month

Table 1. Baseline characteristics of study participants.

Fertility-sparing
(n ¼ 23)

Poor surgical fitness
(n ¼ 48)

All participants
(n ¼ 71)

Demographics
Median age (IQR), years 31 (28–35) 62 (58–68) 58 (35–65)

White British, n (%) 18 (78) 47 (98) 65 (92)
Asian, n (%) 5 (22) 0 (0) 5 (7)
Black, n (%) 0 (0) 1 (2) 1 (1)

Mean weight (SD), kg 119 (24.11) 129 (23.13) 126 (23.81)
Mean BMI (SD), kg/m2 43 (7.30) 50 (9.29) 48 (9.34)
Menopausal status, n (%)

Premenopausal 23 (100) 4 (8) 27 (38)
Postmenopausal 0 (0) 44 (92) 44 (62)

Median parity (IQR) 0 (0–0) 2 (1–3) 1 (0–2)
Medical status
PCOS, n (%) 16 (70) 0 (0) 16 (23)
T2DM, n (%) 3 (13) 19 (40) 22 (31)

Mean HbA1C (range), mmol/mol 38 (25–61) 45 (29–102) 43 (25–102)
Mean Fasting glucose (range), mmol/L 5.8 (4.0–9.9) 6.6 (4.3–15.5) 6.3 (4.0–15.5)

Hypertension, n (%) 1 (4) 39 (81) 40 (56)
Hypercholesterolemia, n (%) 0 (0) 20 (42) 20 (28)
Smoker, n (%) 3 (13) 5 (10) 8 (11)
Cardiovascular disease, n (%) 0 (0) 12 (25) 12 (17)
Mean CRP (range), mg/L 8.7 (1–20) 12.0 (1–52) 10.9 (1–52)
Pathologic findings
Atypical hyperplasia, n (%) 8 (35) 23 (48) 31 (44)
Endometrioid adenocarcinoma, n (%) 15 (65) 25 (52) 40 (56)

Grade 1, n (%) 15 (100) 24 (96) 39 (98)
Grade 2, n (%) 0 (0) 1 (4) 1 (2)

Radiologic findings
Median endometrial thickness (IQR), mm 12 (9–15) 8 (5–12) 10 (6–14)
Endometrial mass lesion, n (%) 3 (13) 5 (10) 8 (11)
Myometrial invasion, n (%) 1 (4) 5 (10) 6 (8)
Benign adnexal mass, n (%) 3 (13) 4 (8) 7 (10)

Abbreviations: PCOS, Polycystic ovary syndrome; T2DM, Type 2 diabetes mellitus.
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progestin treatment window. Women with a baseline BMI of
30 to 35 kg/m2 lost on average 1.9 kg (95% CI �5.7, 1.9 kg
weight change) by 12 months. No particular nonsurgical
weight-loss intervention was more effective than another at
achieving weight loss, however, initial weight loss (within the
first 3 months) predicted long-term success (at 12 months).
Women who lost more than 10% of their total body weight
by low-calorie diet at 12 months regained some weight by
24 months (n ¼ 8, mean þ3.9 kg, 95% CI 9.8, �2.1),
while those who received bariatric surgery showed ongoing
weight loss at 24 months (n ¼ 8, mean �7.6 kg, 95% CI
�13.3, �2.0).
Of the 71 participants, 43 (61%) showed progestin treat-

ment responses, 23 (32%) had stable disease, and 5 (7%)
progressed during progestin treatment. Progression was at 3
(n¼ 2) or 6 months (n¼ 3) and was treated by hysterectomy
(n¼ 4) or primary radiotherapy (n¼ 1). Progestin treatment
response was not predicted by age or baseline BMI, but
women with hyperplasia were more likely to respond
than those with cancer (adjusted OR 3.52; 95% CI 1.1,
11.0; P ¼ 0.03). After excluding the 5 women who pro-
gressed, women who lost more than 10% of their total body
weight were more likely to respond to progestin than those
who did not (adjusted OR 3.95; 95% CI 1.3, 12.5; P ¼
0.02; Tables 3 and 4).
The median follow up was 40 months (IQR 24, 57), during

which time 22 (31%) had a hysterectomy either for reassurance
(5, 23%), stable/progressive disease (16, 73%), or recurrence
(1, 4%). A further 4 (6%) recurred after initially responding to
progestin but did not have a hysterectomy; all had a BMI > 30
kg/m2 and atypical hyperplasia at recurrence and received
intrauterine progestin treatment. Six of 23 (26%) women
attempted pregnancy, 2 by assisted reproduction, with 3 preg-
nancies in 2women and 1 live birth (1/6, 17%). Sixwomen (8%)
died during follow up; one was an endometrial cancer–specific
death (at 50 months), the other 5 deaths (at 12, 29, 31, 52, and

54 months) were unrelated to endometrial cancer or its treat-
ment; none had received bariatric surgery.

Discussion
In this pragmatic, nonrandomized study, we assessed the

potential for weight loss to improve progestin treatment
response in women undergoing conservative management of
obesity-associated atypical hyperplasia and low-grade early-
stage endometrial cancer. Bariatric surgery was acceptable to a
third of eligible women, received on average 5 months after
progestin treatment commenced and induced an average total
body weight loss of 23.6% during progestin treatment. The
remaining two thirds of womenwere encouraged to lose weight
by low-calorie diet; one quarter lost an average 13.7% of their
total body weight by 12 months, while the other three quarters
remained roughly weight stable. There were responses to
intrauterine progestin in 61%women. Neither age nor baseline
BMIpredicted response, butwomenwho lostmore than 10%of
their total body weight were nearly 4 times more likely to
respond to intrauterine progestin than those who did not
(adjusted OR 3.95; 95% CI 1.3, 12.5; P ¼ 0.02).
There is a growing need for effective nonsurgical treat-

ments for atypical hyperplasia and endometrial cancer given
its rising incidence, particularly amongst younger women.
Previous studies report high success rates from oral or
intrauterine progestin (20–22), however most are retrospec-
tive case series and therefore prone to selection and reporting
bias. Most experience is with oral progestin but its systemic
side effects, including thromboembolic disease and weight
gain (23, 24), compromise its suitability for an obesity-driven
cancer. The LNG-IUS delivers progestin directly to the
endometrium at a steep concentration gradient and constant
rate that keeps serum levels low and avoids the peaks and
troughs of oral administration (25), with high success
rates (24, 26–28). A prospective study of intrauterine

Table 2. Weight change during 12-month progestin treatment window.

Bariatric surgery Low-calorie diet All participants
(n ¼ 22) (n ¼ 44) (n ¼ 66)a

Mean weight (SD), kg Baseline 137.7 (19.1) 118.8 (23.4) 125.1 (23.7)
12 months 104.3 (17.1) 114.2 (21.9) 110.9 (20.8)

Mean difference (95% CI), 12 months vs. baseline �33.4 (�42.1 to �24.7) �4.6 (�7.8 to �1.4) �14.2 (�19.0 to �9.4)
P < 0.001 P ¼ 0.005 P < 0.001

Mean BMI (SD), kg/m2 Baseline 51.9 (7.5) 45.1 (9.0) 47.3 (9.0)
12 months 39.1 (5.5) 43.4 (8.5) 41.9 (7.8)

Mean difference (95% CI), 12 months vs. baseline �12.8 (�16.2 to �9.5) �1.7 (�2.9 to �0.5) �5.4 (�8.3 to �2.5)
P < 0.001 P ¼ 0.006 P < 0.001

Mean change in total body weight (SD), % 12 months vs. baseline �23.6 (13.0) �3.4 (8.0) �10.2 (13.7)
Mean change in total body weight at 12 months, bariatric surgery vs. low-calorie diet P < 0.001
Mean change in BMI (SD), kg/m2 12 months vs. baseline �12.8 (7.5) �1.7 (4.0) �5.4 (7.5)
Mean change in BMI at 12 months, bariatric surgery vs. low-calorie diet P < 0.001
Weight loss >10% total body weight, n (%) 19 (86) 10 (23) 29 (44)
Proportion of women losing >10% total body weight at 12 months, bariatric surgery vs. low-calorie diet P < 0.001

a12-month assessments are not included for the n¼ 5womenwho progressed during progestin treatment, whosemeanweight loss at progressionwas�6.4 kg (95%
CI �18.2, �1.0); 1 had lost >10% of their total body weight.
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progestin reported treatment responses in 91% of 37 patients
with atypical hyperplasia and 67% of 20 patients with
endometrial cancer at 12 months (8). The higher proportion
of cancers in our study, inclusion of stage 1a disease with
myometrial invasion, and stringent criteria for treatment
response may explain our lower response rates.
Identifying subgroups of women who might respond to

intrauterine progestin is important to guide the safe manage-
ment of atypical hyperplasia and low-grade early-stage endo-
metrial cancer (9). It is not known whether clinical factors or
tumor phenotype predominate as predictors of progestin
response. Baseline BMI has not shown a consistent relationship
with outcomes (20, 23, 29, 30) but posttreatment, obesity
appears to increase the risk of recurrence (20, 23). We hypoth-
esized that successful weight loss, defined by WHO as more
than 10% total body weight (16), would improve oncologi-
cal (31, 32), fertility (29), and general health outcomes in this
population (17, 18, 33). Such ambitious weight-loss targets are
achievable through gastric bypass or sleeve gastrectomy (34),
however 68% of our participants declined or were unsuitable
for bariatric surgery. We therefore took the pragmatic
approach that a low-calorie diet of their own choosing was a
suitable alternative, albeit expecting low success rates amongst
women who were unable to engage with the lifestyle, dietary,
and behavioral changes required. We were able to motivate a
quarter of those who declined bariatric surgery to lose more
than 10% of their total body weight simply by stating the need,
setting targets, and monitoring progress. This so called ‘teach-
able moment’ (35) may be particularly powerful amongst those
facing sterilizing hysterectomy and childlessness, and offers an
opportunity to explore potential causes of obesity and pro-
spects for its reversal.

To our knowledge, only one previous study has assessed the
uptake, feasibility, and success of weight-loss interventions
offered to women during the progestin treatment window (36).
The feMMe trial reported an overall progestin response rate of
61%, and successful weight loss (defined as >7% total body
weight at 6 months) in 25% of women randomized to the low-
calorie diet arm, but the study was underpowered to assess the
oncological benefit of weight loss for this indication.
We have previously shown that weight loss is associated with

spontaneous clearance of latent precursors and occult atypical
hyperplasia in women undergoing bariatric surgery (12).
Weight loss reduces systemic hormonal,metabolic, and inflam-
matory stimulators of endometrial proliferation and may act
synergistically with intrauterine progestin to induce neoplastic
cell death (13). The natural history of obesity-driven endome-
trial cancer is incompletely understood but its generally indo-
lent behavior provides the opportunity for curative treat-
ment (37). Indeed, progression of atypical hyperplasia to cancer
is neither inevitable nor rapid (38). We and others have shown
that most low-grade, early-stage cancers can be conservatively
managed with progestin but intensive monitoring is crucial to
identify the subset of women with biologically aggressive
disease who need radical treatment. Temporary remissionmay
be sufficient to enable pregnancy, however the avoidance of
hysterectomy requires long-term control. In this study, 5
women (7%) progressed during progestin treatment; 4 under-
went laparoscopic hysterectomy or primary radiotherapy and
remain alive and well. One woman progressed at 6 months and
underwent a hysterectomy and vaginal brachytherapy for Stage
1b grade 2 endometrial cancer, developed widespread recur-
rence at 43 months, and died at 50 months. A further 5 women
died during follow up from their medical comorbidities,

Table 3. Clinical correlates of progestin treatment response.

Clinical feature
Responder
(n ¼ 43)

Nonresponder
(n ¼ 28)

Responder vs.
nonresponder (P)

Demographic
Median age (IQR), years 56 (32–64) 59 (45–68) 0.12
Premenopausal, n (%) 19 (44) 8 (29) 0.19
Mean baseline weight (SD), kg 127.8 (21.3) 122.9 (27.4) 0.40
Mean baseline BMI (SD), kg/m2 48 (8) 48 (11) 0.98

Medical status
PCOS, n (%) 11 (26) 5 (18) 0.45
T2DM, n (%) 12 (28) 10 (36) 0.49

Endometrial abnormality
Endometrial cancer, n (%) 20 (47) 20 (71)c 0.04b

Myometrial invasion, n (%) 3 (7) 3 (11) 0.75
Benign adnexal mass, n (%) 4 (9) 3 (11) 0.95

Weight change at 12 months
Bariatric surgery, n (%) 16 (37) 7 (25) 0.28
Mean weight change (95% CI), kga �17.0 (�22.7 to �11.3) �9.0 (�18.1 to 0.1) 0.11
Mean BMI change (95% CI), kg/m2a �6.4 (�8.6 to �4.3) �3.5 (�7.0 to 0.5) 0.13
Mean change total body weight (SD), %a �12.3 (12.9) �6.2 (14.7) 0.09
Weight loss >10% total body weight, n (%)a 23 (53) 6 (26) 0.03b

aExcludes the n ¼ 5 women who progressed during progestin treatment.
bSignificant at P < 0.05.
cIncludes the n ¼ 1 participant who was treated with medroxyprogesterone acetate instead of the LNG-IUS.
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reinforcing the need for evidence-based nonsurgical treatment
options for women with endometrial cancer and obesity (39).
Strengths of our work include its prospective design, stan-

dardized treatment protocol, and long duration of follow up.
We report outcomes on a relatively large number of partici-
pants given the single-center nature of our study. Our hetero-
geneous cohort of fertility-sparing and surgically unfit parti-
cipants reflects the complexity and diversity of the real world
experience of managing this condition. Limitations include the
small study size, absence of data relating to the molecular
subgroup of included endometrial tumors, and overall poor
compliance with low-calorie diet interventions. The lack of
racial and ethnic diversity in our study population precludes
any insight into the feasibility and effectiveness of weight loss
during progestin treatment in non-White British women. Our
participants had very strong views about bariatric surgery,
making a randomized trial neither feasible nor practicable.

Nevertheless, we have shown that successful weight loss can be
achieved within the confines of the progestin treatment win-
dow, which may have multiple benefits for future health and
well-being (40, 41). Given the considerable advantages of
weight loss in this context, future research should focus on
how best to accomplish it.
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Table 4. Clinical predictors of progestin treatment response in
total cohort (n ¼ 71).

OR (95% CI) P

Univariable analysis
Age (years) 0.98 (0.9–1.0) 0.11
Baseline BMI (kg/m2) 1.00 (0.9–1.1) 0.98
Postmenopausal

No 1
Yes 0.51 (0.2–1.4) 0.19

PCOS
No 1
Yes 1.58 (0.5–5.2) 0.45

T2DM
No 1
Yes 0.70 (0.3–2.0) 0.49

Histology
Endometrial cancer 1
Atypical hyperplasia 2.88 (1.0–8.0) 0.04b

Endometrial mass lesion
No 1
Yes 0.68 (0.2–3.1) 0.61

Myometrial invasion
No 1
Yes 0.76 (1.4–4.2) 0.75

Bariatric surgery
No 1
Yes 1.78 (0.6–5.2) 0.29

% change in total body weighta

<10% 1
≥10% 3.26 (1.1–9.9) 0.04b

Multivariable analysis adjusted for age, T2DM, histology,
% change in total body weight

Histology
Endometrial cancer 1
Atypical hyperplasia 3.52 (1.1–11.0) 0.03b

% change in total body weighta

<10% 1
>10% 3.95 (1.3–12.5) 0.02b

aExcludes the n ¼ 5 women who progressed during progestin treatment.
bSignificant at P < 0.05.
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